Introduction
============

Soccer is the world's most popular sport. Due to this fact, many studies have been conducted in an attempt to provide understanding of the essential skills required by players ([@b9-jhk-39-157]; [@b30-jhk-39-157]; [@b6-jhk-39-157]; [@b19-jhk-39-157]; [@b22-jhk-39-157]). Unfortunately, there is a relatively small body of scientific knowledge in this field, and consequently most players acquire soccer skills as a result of individual training experiences rather than academic research-based instruction ([@b15-jhk-39-157]).

Running is a predominant activity involved in playing soccer, while explosive-type activities such as sprinting, jumping, tackling and kicking are important factors for successful performance ([@b31-jhk-39-157]; [@b13-jhk-39-157]; [@b27-jhk-39-157]). Although explosive performance has been studied in soccer ([@b31-jhk-39-157]; [@b12-jhk-39-157]; [@b30-jhk-39-157]), only few studies have investigated the effects of plyometric training programs on youth competitive soccer players. The reason why activities such as plyometrics (for example, jumping exercises) are so effective in improving speed is that they cannot be performed without a high rate of power production, the rapid application of force, and acceleration. This is precisely why plyometrics correspond dynamically with many athletic activities involved in soccer, such as jumping, sprinting and kicking, and thus, should be assigned a high level of priority in training ([@b5-jhk-39-157]).

As far as the effect of plyometric training on motor performance is concerned, research has mainly focused on determining the influence of different plyometric programs on jumping ([@b11-jhk-39-157]; [@b8-jhk-39-157]; [@b18-jhk-39-157]) and sprinting performance rather than kicking. Although some authors have identified significant relationships between the strength of the lower limbs and ball-kicking velocity in soccer players ([@b28-jhk-39-157]), there is still a lack of data regarding the effects of a plyometric training program on the characteristics of an activity such as kicking, especially in youth competitive male soccer players. Indeed, with regard to male players the effects of strength training on kicking performance are elusive. [@b17-jhk-39-157], [@b20-jhk-39-157] and [@b4-jhk-39-157] concluded that strength training focusing on the lower limbs can lead to improved kicking performance in soccer in terms of ball speed, but it takes time to transfer this to a specific activity. Several authors ([@b3-jhk-39-157]; [@b2-jhk-39-157]) have stated that the discrepancy between the findings of previous experiments may be explained by different research protocols such as differences in the length of training programs, the status of subjects, and training loads.

To the best of our knowledge, modifications in jumping, sprinting and kicking performance as a result of a plyometric training regimen have not been investigated simultaneously as part of a study involving a large number of young competitive soccer players. Therefore, the aim of this study was to examine the effect of a six-week combined plyometric and sprint program on different motor abilities and kicking speed in youth soccer players. It was hypothesized that the training group would enhance their jumping and sprinting performance. Enhancement of kicking performance was also hypothesized due to an expected increase in explosive strength established by the plyometric and sprinting program.

Material and Methods
====================

Experimental Approach to the Problem
------------------------------------

A repeated-measures design involving two groups (a training group and a control group) was used in order to determine the effectiveness of a plyometric and sprint training program on different motor abilities and kicking skills of youth soccer players as part of a 6-week training program. A randomized controlled study was conducted involving three teams of youth male soccer players. The three teams all had the same number of members at the pretest stage. Half of each team underwent the plyometric and sprint program in addition to normal soccer training and the other half was involved in soccer training only.

Subjects
--------

Fifty-two competitive youth male soccer players (aged 13.4 ± 1.4 years, body mass 53.4 ± 11.7 kg, body height 1.66 ± 0.11 m) took part in the study. Participants belonged to three different teams playing at the national level in their age category. Subjects were fully informed about the protocol before the start of the study. Informed consent was obtained prior to testing from all subjects and parents in accordance with the recommendations of the local ethical committee and current ethical standards in sports and exercise research.

Procedures
----------

Before the pretest stage the participants were familiarized with the different tests during a practice session in order to avoid the learning effect. Pre- and post-tests were performed with maximal intensity. All tests were conducted in an indoor facility in order to eliminate the effect of weather conditions on results.

After a general warm-up of 15 minutes, each participant was tested for explosive strength of the lower limbs by means of a counter movement jump (CMJ) ([@b30-jhk-39-157]). Participants started from a standing position with their hands on their waist, standing on a contact mat (Ergojump, 1000 Digitime, Digest, Finland). Next, they flexed their knees to 90°, and then jumped as high as possible while holding their hands on their waist. Flight time was measured and the jump height was calculated from flight time. Three attempts were made, with 2 minutes of rest between them.

Subjects were required to perform three 30 m sprints. Times at 0--15m (T~15~), 15--30m (T~15--30~) and 0--30m (T~30~), were recorded using photocells (Brower Wireless Sprint System, USA). Sprints were separated by 3 minutes of rest. The best attempt was considered for further analysis.

Finally, maximal kicking velocity was evaluated by players kicking a standard soccer ball (mass approximately 430g, circumference 70 cm) straight forward as hard as possible over a 25 m distance. The maximal kicking velocity of the ball was determined using a Doppler radar gun (Sports Radar 3300, Sports Electronics Inc.), with ± 0.028 m·s^−1^ accuracy within a field of 10 degrees from the gun. The radar gun was located 1 m behind the goal at ball height during the kick. Two minutes of rest was allowed between each attempt. Three attempts were made and the best one was recorded.

After the pretest, participants from each team were randomly divided into a training group (n=26) and a control group (n=26). The training group conducted an additional short plyometric and sprint training program consisting of four jumping exercises per session followed by sprint drills ([Table 1](#t1-jhk-39-157){ref-type="table"}).

The jumping exercises focused on limited ground contact, which is important for increasing explosive power of the lower limbs ([@b3-jhk-39-157]). A full description of the exercises is contained in [Figure 1](#f1-jhk-39-157){ref-type="fig"}. The training load was increased in accordance with the principle of overload ([@b6-jhk-39-157]). Each participant repeated the training program twice a week for 6 consecutive weeks. Participants were subject to this training besides their regular soccer training, which consisted of four sessions per week. The length of the strength-speed training program was 20 minutes. A coach with several years of experience in plyometric and sprint training supervised each training session in order to ensure that participants performed the exercises with maximal intensity and proper form. The control group was involved in a regular training regime only for the duration of the experiment.

Statistical Analysis
--------------------

A one-way ANOVA was performed on the anthropometric variables and considered motor abilities and skills (sprinting, jumping and kicking) of the two groups at the pre-test stage. In order to compare the effects of the training protocol, a mixed design 2 (test occasion: pre-post: repeated measures) × 2 (group: training vs. control group) analysis of variance (ANOVA) was carried out. Test-retest reliability (3 repeats per condition) as indicated by intra-class correlations (ICC) was 0.95, 0.87, 0.97, 0.95, and 0.90 respectively for peak-kicking ball velocity, running times (0--15m, 15--30m and 0--30m) and jump height. The level of significance was set at p ≤ 0.05.

Results
=======

Pretest data indicated no statistical differences (p = 0.42) in term of anthropometrics or performance between the two groups. A significant increase was found following the training period in term of running times (p ≤ 0.026; [Figure 2](#f2-jhk-39-157){ref-type="fig"}) and kicking velocity (p\<0.001; [Figure 3](#f3-jhk-39-157){ref-type="fig"}). No significant difference was found in terms of jump height after the training period (p=0.12). However, an interaction effect (p=0.036) between the groups in terms of jump height was found; the training group increased their jump height significantly (+7.7%), while the performance of the control group remained unchanged (−1.1%; [Figure 4](#f4-jhk-39-157){ref-type="fig"}). No significant interaction effect (training group) was found for running times (p=0.992: 0--15m, p=0.058: 15--30m, p=0.297: 0--30m) or kicking velocity (+6.6: training group vs. +3.3%: control group; p=0.07). However, post hoc analysis showed that the running time of the training group decreased significantly between 15--30m (+3.2%) and 0--30m (+1.7%; p \< 0.001; [Figure 2](#f2-jhk-39-157){ref-type="fig"}) while the control group did not show any significant changes in running times (+0.9%; p ≥ 0.14; [Figure 2](#f2-jhk-39-157){ref-type="fig"}).

Discussion
==========

The aim of this study was to examine the effect of a six-week combined plyometric and sprint program on strength-speed abilities and kicking velocity in youth soccer players. The main finding is that the training group enhanced their running and jumping performances significantly over a short period of time, while the control group did not. Furthermore, both groups increased their kicking velocity after just six weeks of training. However, the difference in kicking velocity between the two groups was not significant.

Vertical jump height increased for the experimental group only (+7.7%) while no significant changes were found in the control group (−1.1%), what is in accordance with the findings of [@b23-jhk-39-157], who also found an increase of 8.5% in jump height after 6 weeks of plyometric training in female soccer players. The improvement in jump height indicates that adaptations associated with increases in leg muscle power have occurred. Adaptations to training are likely to be neural because these predominate in the early stages of strength and power training ([@b3-jhk-39-157]) and have been shown to be the main adaptation to plyometric exercise ([@b11-jhk-39-157]; [@b18-jhk-39-157]). Other factors may have contributed to the improvement in vertical jump performance in the experimental group, including improved synchronization of body segments, increased coordination levels, and greater muscular strength. These factors may be related to a more effective skill domain in vertical jumping, also contributing to explaining the lack of improvement in the control group. After 8 weeks of training of low intensity, [@b11-jhk-39-157] also found significant improvements in jumping (p\<0.01) ability using a similar plyometric training regimen in youth male soccer players. During this period, no significant performance increase was recorded in the control group. These results demonstrate that short-term plyometric training programs increase athletic performance in prepubescent boys. In contrast, [@b7-jhk-39-157] did not find any significant increase in jumping ability after a 6-week plyometric training program. Similarly, [@b1-jhk-39-157] failed to observe any significant change in CMJ performance in youth athletes after complex and contrast training. The difference in the frequency of training could be the reason for the discrepancy in the results. [@b1-jhk-39-157] considered that these trends were related to the fact that the training program included only one training session per week. According to these authors, improving jump performance would require a minimum of two training sessions per week. However, in the present study, the use of two training sessions per week produced significant increases in CMJ height. Moreover, many authors have suggested that muscular performance gains after plyometric training are attributable to neural adaptations rather than morphologic changes ([@b29-jhk-39-157]). According to these authors, neuromuscular factors such as increasing the degree of muscular coordination and maximizing the ability to use the muscles' stretch-shortening cycle appear to be more important than changes in fiber size. The findings of the present study are in agreement with these authors because there were no interaction or time effects with regard to the muscle mass component. Nevertheless, neither muscle mass nor neuromuscular variables were assessed in the present study. Further studies focusing on neuromuscular factors are required in order to corroborate this for soccer players. The improvement of muscular coordination following the training period is probably partly related to the specificity of movements used during the training program ([@b10-jhk-39-157]).

Sprint times only decreased significantly in the training group between 15 and 30m, and over the total 30m (produced by a faster time between 15 and 30m), but not in the first 15m. An explanation for this could be that most jump exercises in the program in this study focused on vertical force and limited ground contact. This enhances vertical strength and power in participants. As shown by [@b16-jhk-39-157], in sprinting, vertical force is of key importance after the first 10m of a sprint start. In the first few meters after the start, horizontal force is more important ([@b32-jhk-39-157]), which was not given significant attention (only one exercise was carried out) in our jumping program ([Figure 1](#f1-jhk-39-157){ref-type="fig"}). Furthermore, during the sprint start, acceleration from 0 velocity to 5--7 m/s is in two to three steps ([@b16-jhk-39-157]). Thus, to achieve this in athletes in the first 15 meters a large number of sprints probably have to be performed before a significant enhancement is recorded. In this study, participants only trained 12 times with, at maximum, 5 to 8 starts per session, with no feedback on technique. This was probably not sufficient to improve sprint times over the first 15m. Despite the importance of sprint technique for speed enhancement ([@b21-jhk-39-157]), this was not a routine practice for the sample group of youth soccer players. In fact, although sprint, acceleration, and changes in direction are movements which are inherent in performance for soccer players in matches and competitions, these were not sufficient to produce significant changes in the first 15m. These results, however, contrast with those observed by [@b25-jhk-39-157]. Indeed, these authors failed to observe any significant differences (p\>0.05) in sprint times (5, 10, 14, and 20m) after 6 weeks of plyometric training in adolescent soccer players. Some of these findings can be attributed to a number of factors, especially the specificity of the resistance training regimen. Nevertheless, the participants recruited by [@b25-jhk-39-157] were randomly assigned to a depth-jump training group or a CMJ protocol with no performance of sprint exercises. Curiously, [@b14-jhk-39-157] and [@b26-jhk-39-157] used a training program which was similar to that used in the present study and found significant changes (p\<0.05) in sprinting performance, and therefore, provide support for our experimental results. Because the participants in the present study trained twelve hours per week on average, a slight concern was raised as to whether this sprint program, conducted twice a week, would be sufficient to improve sprint performance over a short period of time.

Regarding kicking performance, in this study an increase of 6.6% in ball velocity was found in the experimental group, which was approximately the same (7.1%) as the findings of [@b23-jhk-39-157] and [@b4-jhk-39-157] for female soccer players following a 6-week plyometric training program. In this study, an increase of 3.3% was also recorded for the control group. The difference between the groups was not significant but the improved kicking velocity of the training group was probably due to enhanced power of the leg muscles. In a study carried out by [@b23-jhk-39-157] and [@b4-jhk-39-157], the control group did not show any increase in kicking velocity. However, it showed higher pretest kicking velocities than the training group. In addition, these changes may be the result of an adaptation to the kicking movement following gains in strength and may be the result of an altered stretched-shortening cycle of the musculature involved (Manolopoulos et al., 2006). However, in the current study there were no such findings, while improvements in kicking velocity could be caused by an increased transfer of energy from proximal to distal segments, which may have contributed to higher ball-speed following the plyometric training intervention program. Furthermore, participants are youth players who are still developing and as a result of training they probably improved their soccer kicking performance.

Most studies evaluating the effects of plyometric training use drop jumps ([@b25-jhk-39-157]), hurdle jumps and long horizontal jumps, which can be extremely taxing on the neuromuscular system ([@b25-jhk-39-157]; [@b18-jhk-39-157]). In this study, vertical jumps, which are not very taxing on the lower limbs, were mainly used. Furthermore, total training time equaled only 15 minutes per session, which is easy to incorporate in regular soccer training undertaken twice a week. This is one advantage of this type of a training program. However, a combined plyometric and sprint program was used for the enhancement of different motor skills in youth soccer players. This makes it difficult to say whether only plyometrics, sprinting, or a combination of both training forms would help in enhancing these motor skills to the greatest degree. In future studies, plyometric or sprint training should be used separately to investigate the effect of these programs on different motor skills in youth soccer players. It is important to determine this before stating what exactly (plyometric, sprinting or a combination) enhances such performances.

Practical Applications
======================

On the basis of the findings of the present study, it may be concluded that a short 6-week period of combined sprint and plyometric training can significantly improve explosive strength in youth competitive soccer players, and, more importantly, that this improvement can be transferred to soccer kicking performance in terms of ball velocity. Therefore, male soccer professionals can benefit from plyometric training by increasing their ability to use explosive strength effectively while performing a specific activity. However, soccer coaches should also be aware that plyometric training should be combined with regular soccer training in order to ensure that gains in terms of explosive strength are transferred to the kinematic parameters of the kicking movement.

We would like to extend our thanks to those who took part in this study.

![*Jumping exercises.* 2-legged jumps2-legged jumps as high as possible (knees bent)Short, quick hops on one legHeading without ball1-legged jumps as high as possible2-legged jumps as far as possible (knees bent)2-legged jumps up steps](jhk-39-157f1){#f1-jhk-39-157}

![Running times (Mean ± SD) at 15m, 30 m and between 15 and 30 m, for the training and control groups.\
(\*) indicates significant main effect from pre- to post test for this group (p\<0.05).](jhk-39-157f2){#f2-jhk-39-157}

![Peak ball velocity (Mean ± SD), for the training and control groups.\
(\*) indicates significant main effect from pre- to post test for this group (p\<0.05).](jhk-39-157f3){#f3-jhk-39-157}

![Jump height (Mean ± SD), for the training and control groups.\
(\*) indicates significant main effect from pre- to post test for this group (p\<0.05).](jhk-39-157f4){#f4-jhk-39-157}

###### 

Training program showing total repetitions per training sessions

  ------------------------------------------------ ----------------------- --------- --------- --------- ------------- -------------
  **Exercise**                                     **Training sessions**                                               
  **1**                                            **2**                   **3**     **4**     **5**     **6**         
                                                                                                                       
  2-legged jumps                                   3 × 20                  3 × 20    3 × 20    3 × 25    3 × 25        3 × 25
  2-legged jumps (knees bent)                      3 × 10                  3 × 10    3 × 10    3 × 10    4 × 10        4 × 10
  Short, quick hops on one leg                     3 × 10                  3 × 10    3 × 10    3 × 10    2 × 10        2 × 10
  1-legged jumps as high as possible               2 × 8                   2 × 8     2 × 8     2 × 8     3 × 8         3 × 8
  Sprint from a standing position                  5 × 20m                 6 × 20m   6 × 20m   6 × 20m   2 × 4 × 20m   \-
  Sprint from a lying position                                                                                         2 × 4 × 10m
                                                                                                                       
  **Exercise**                                     **Training sessions**                                               
  **7**                                            **8**                   **9**     **10**    **11**    **12**        
                                                                                                                       
  2-legged jumps                                   3 × 30                  3 × 30    \-        \-        \-            \-
  2-legged jumps up steps                          \-                      \-        4 × 20    4 × 20    5 × 20        5 × 20
  2-legged jumps as far as possible (knees bent)   3 × 10                  3 × 10    4 × 10    4 × 10    4 × 10        4 × 10
  Short, quick hops on one leg                     3 × 10                  3 × 10    3 × 10    3 × 10    3 × 10        3 × 10
  1-legged jumps as high as possible               3 × 10                  3 × 10    \-        \-        \-            \-
  Heading without ball                             \-                      \-        3 × 5     3 × 5     3 × 5         3 × 5
  Sprint from lying start position                 5 × 30m                 5 × 15m   \-        \-        \-            \-
  Sprint from 5m sideways start                    \-                      \-        6 × 30m   6 × 15m   2 × 4 × 30m   2 × 4 × 15m
  ------------------------------------------------ ----------------------- --------- --------- --------- ------------- -------------

[^1]: Authors submitted their contribution of the article to the editorial board.
